Aim To determine the earliest time point at which anastomotic leaks can be detected in patients undergoing total colectomy with primary ileorectal anastomosis for familial adenomatous polyposis.
Introduction
Prophylactic total colectomy (TC) with primary ileorectal anastomosis (IRA) followed by rectal surveillance is an established strategy to manage colorectal cancer risk for appropriately selected patients with familial adenomatous polyposis (FAP) [1, 2] . This autosomal dominantly inherited condition carries a 100% lifetime risk of developing colorectal cancer. For the majority of these patients who are relatively young and asymptomatic, this operation offers significantly improved functional outcome (bowel frequency, night-time defaecation and use of incontinence pads), reduced risk of reoperation within 30 days (11.6% vs 23.4%) and higher female fecundity compared to restorative proctocolectomy [3, 4] . It is desirable to perform this surgery laparoscopically and within the context of protocolized enhanced recovery after surgery (ERAS), resulting in a reduced postoperative length of stay, fewer postoperative complications and improved cosmesis [5] . Avoidance of a diverting ileostomy, however, is important to many of these individuals accepting surgery.
Anastomotic leak rates after an IRA without diverting ileostomy are reported to range between 6% and 23% [6] [7] [8] [9] , significantly higher than the 2% reported leak rate for ileo-colonic anastomoses [10] . A number of these studies, however, include patients with inflammatory bowel disease in whom this complication would be expected to be more common. Elton et al. [6] reported on 215 IRA patients, 49 of whom had Crohn's disease or ulcerative colitis. Exclusion of these patients identified a 6% anastomotic leak rate, which may have been higher considering their 13% small bowel obstruction rate (associated with subclinical leaks) and the fact that a number of patients had reoperations at other hospitals where the diagnosis is not mentioned. Studies comparing outcomes from IRA compared to restorative proctocolectomy in FAP patients report an anastomotic leak rate of 2%-7% for IRAs, with significant heterogeneity in the use of diverting ileostomy and the definition of anastomotic leaks making comparisons difficult [2, [11] [12] [13] . It is unclear why this anastomosis between ileum and rectum which is relatively tensionfree and with adequate blood supply is so problematic [14] . Some authors have suggested that the luminal disparity between terminal ileum and rectum as well as its wall thickness for suitability of anvil placement of a circular stapler may be responsible factors [8] .
Mortality from an anastomotic leak is reported as ranging from 4% to 15% [10, [15] [16] [17] [18] [19] , with the timing of diagnosis an important prognostic factor. Alves et al. [20] found anastomotic leaks diagnosed after postoperative day 5 had a mortality of 18%, but this was 0% if diagnosed before day 5. The retrospective study by Bellows et al. [15] of 311 non-diverted colorectal anastomoses demonstrated an anastomotic leak rate of 8%, with mean time to diagnosis of 10.2 (AE1.1) days. These patients had a mean length of stay of 39.8 (AE4.7) days. Multivariate analysis demonstrated that respiratory complications, neurological changes (altered mental status) and level of abdominal pain were significantly associated with leaks. Passage of flatus and stool were unreliable signs, with over 50% of patients who had leaked demonstrating this, and both pyrexia and leukocytosis were not found to be significantly associated with leaks [15] . Hyman et al. [8] suggested that the mean time to diagnosis of their colorectal anastomotic leaks was 17.7 days, with 42% of these patients having been sent home. Their anastomotic leak rate from IRAs (30 patients) was 23%. Finally Telem et al. [21] reported on 90 colorectal anastomotic leaks, 12 of which were from IRAs with a mean time to diagnosis of 7.5 days. Early detection of the anastomotic leaks in FAP patients undergoing prophylactic laparoscopic TC and IRA is desirable because it offers the potential to salvage the anastomosis with a proximal diverting ileostomy. This case-matched study aims to determine the earliest time point at which anastomotic leaks could be detected in this patient population.
Methods

Patient identification
A prospective database was used, comprising consecutive FAP patients undergoing laparoscopic TC with IRA at St Mark's Hospital between 2006 and 2013. Patients who developed anastomotic leaks as defined below were identified. A control group was created by selecting patients who underwent laparoscopic TC and IRA immediately before and after each person who leaked. This was done to avoid bias secondary to any change in institutional practice over time. Data collected included age, sex, body mass index (BMI), American Society of Anesthesiologists (ASA) physical status score [22] and values to calculate POSSUM physiology, POSSUM operative severity and P-POSSUM predicted mortality scores [23] .
Operative technique
The operative technique has been described previously [5] . All patients underwent laparoscopic cross-stapling of the rectum at 15 cm from the anal verge with a laparoscopic linear stapler in one to two firings. Either an end-to-end or a side-to-end laparoscopic stapled anastomosis was performed with a 29 mm head diameter circular stapler, and air-leak tested. Diverting ileostomies were not performed at the initial operation. Each of the laparoscopic TCs and IRAs included in this study were either supervised or performed by one of two surgeons (RHK and JTJ). All patients were managed within an established ERAS programme, receiving the same preoperative, intra-operative and postoperative components [24] . Prior to surgery, bowel preparation involved one phosphate enema within 2 h of operation. Patients were given a single dose of prophylactic antibiotics after induction of anaesthesia. This was not continued in the postoperative period.
Definitions
Anastomotic leakage was defined as gross anastomotic dehiscence conferring feculent or purulent peritonitis or [25] . Patients who developed anastomotic leakage were identified by CT scanning using intravenous contrast but without rectal contrast. If this was inconclusive, a gastrografin enema was performed by a specialist gastrointestinal radiologist. Anastomotic leaks were classified according to the International Study Group description: Grade A, those without change in patient management; Grade B, requiring intervention but not needing re-laparotomy; and Grade C, requiring re-laparotomy or laparoscopy.
Data extraction
For each leak and control patient, the panel data outlined below was extracted as repeated measures of continuous postoperative physiological, biochemical and observational parameters on individuals over time. It was organized into long format where each observation was an individualÀtime pair. To do this, each day was divided into four 6-h segments (midnight to 6 am, 6 am-12 pm, 12 pm-6 pm and 6 pm-midnight). Days were numbered starting as day 0 from the time of operation and day 1 from 24 h after surgery.
Physiological parameters included peak temperature and the following means: arterial pressure, diastolic blood pressure (mmHg), systolic blood pressure, heart rate, oxygen saturation, respiratory rate, temperature and urine output. Blood tests included serum albumin, alkaline phosphatase (ALP), alanine transaminase (ALT), bilirubin, urea, creatinine, C-reactive protein (CRP), potassium, sodium, white blood cell count, neutrophil count and platelet count. Finally observational parameters included nausea score, vomitus volume, oral fluid intake, intravenous fluid intake, visual analogue pain score, stool frequency, stool volume and sedation score.
Statistical analysis
Panel time-series data regression of these data was performed using a double subscript structure to include both variables. A generalized least squares multivariate approach was applied in a random effects setting to calculate correlations for observations, with anastomotic leak being the dependent variable. Univariate and multivariate regression calculations were then performed according to individual observations at each recorded time point to identify outcome correlations at specific time points (measured in 0.25 postoperative day blocks). Finally time-series analysis was used to determine when a variable became significant in the leak group. Analyses were performed using STATA version 12 (StataCorp LP, College Station, Texas, USA).
Power analysis
A power calculation was performed and identified that a total sample size of 30 patients would be sufficient to detect a large effect size (f = 0.4) of an anastomotic leak, based on over 70 repeated measures of individual variables with 75% power and a probability of error value of 0.1.
Results
A total of 96 patients underwent laparoscopic TC and IRA for FAP at St Mark's Hospital between 2006 and 2013 and 95 were available for follow-up. There were no conversions to open surgery. Ten patients were suffering anastomotic leakage, all of whom required re-laparotomy or laparoscopy and were therefore classified as Grade C. As outlined in the power calculation, in order to achieve a sample size of 30 patients with over 70 repeated measures each, the 10 anastomotic leak patients were compared to 20 controls who did not leak. The demographics of these patients are presented in Table 1 . The mean age for all patients was 31.9 (AE17.0) years with no significant difference between groups in age, BMI, sex, ASA grade, POSSUM physiology score, POSSUM operative score or predicted P-POSSUM mortality. It should be noted that there was no significant difference between groups in the components of the POSSUM physiology score including cardiac and respiratory function, electrocardiogram abnormalities, heart rate and preoperative haemoglobin. None of these patients was on beta-blocker medication. As part of the POSSUM operative score, there was also no significant difference in intra-operative blood loss between groups as outlined in Table 1 , and none of the patients required a postoperative blood transfusion.
Of the 10 anastomotic leak patients, six underwent reoperation at our institution. The remaining four reoperations took place at other hospitals after the patients were discharged home. The postoperative length of stay of anastomotic leak patients reoperated on at our institution was significantly higher than that of patients who did not leak (25.4 vs 5.8 days, P = 0.0005). The mean time to reoperation for these anastomotic leaks was 7.5 AE 2.6 days. The mean time to discharge from our institution for patients who leaked and were then reoperated on at other hospitals was 4 (AE1.4) days. The mean postoperative day on which these patients then had their reoperation at other hospitals was 8 (AE1 days).
Blood tests
The results for univariate, multivariate and time-series analyses for blood tests in anastomotic leak patients vs controls are shown in Table 2 . Univariate analysis identified a significant difference between the two groups in ALP (P = 0.033), ALT (P < 0.001), bilirubin (P = 0.001), creatinine (P = 0.002) and potassium (P = 0.041). Of note, there were no differences between groups with regard to markers of inflammation such as albumin, white blood cell count, neutrophil count and CRP.
Multivariate analysis identified a significant difference between groups in ALT (P = 0.006), bilirubin (P = 0.008), creatinine (P = 0.001), haemoglobin (P < 0.001) and urea (P = 0.007). Again there were no differences between groups with regard to markers of inflammation such as albumin, white blood cell count, neutrophil count and CRP.
Time-point analysis showed that ALT, bilirubin, creatinine, haemoglobin, potassium and urea became significantly different between leak and control groups at postoperative day 4.5. Bilirubin became significantly different at postoperative day 8.5. Timepoint analysis did not identify a specific time at which ALP became statistically significantly different between groups.
Observational parameters
The results for univariate, multivariate and time-series analyses for observational parameters in anastomotic leak patients vs controls are shown in Table 3 . Univariate analysis identified a significant difference between the two groups in intravenous fluid intake (P < 0.001), oral fluid intake (P < 0.001), stool volume (P = 0.015) and vomitus volume (P < 0.001). Of note, there were no differences between groups with regard to postoperative pain scores and stool frequency.
Multivariate analysis identified a significant difference between groups in intravenous fluid intake (P < 0.001), oral fluid intake (P < 0.001) and vomitus volume (P < 0.001). It is notable that there were no differences between groups in pain score, stool frequency, sedation score and stool volume.
Time-point analysis showed that oral fluid intake became significantly different between groups at postoperative day 0.5 (higher in the leak group), stool volume at postoperative day 1.25 (lower in the leak group) and intravenous fluid intake at postoperative day 3.75 (lower in the leak group). Time-point analysis did not identify a specific time at which vomitus volume (lower in the leak group) became statistically significantly different between groups.
Physiological parameters
The results for univariate, multivariate and time-series analyses for physiological parameters in anastomotic leak patients vs controls are shown in Table 4 . Univariate analysis identified a significant difference between the two groups in mean arterial blood pressure (P < 0.036), mean diastolic blood pressure (P = 0.001), mean heart rate (P = 0.001), mean respiratory rate (P < 0.001) and mean urine output (P = 0.001). Of note, there were no differences between groups with regard to mean and peak temperature. Multivariate analysis identified a significant difference between groups in mean heart rate (P < 0.001), mean respiratory rate (P = 0.017) and mean urine output (P = 0.001). It is notable that there were no differences between groups in blood pressure (mean arterial, diastolic and systolic) and temperature (mean and peak). Figure 1 is a graph of mean heart rate for patients who leaked compared to controls. Figure 2 is a graph of mean respiratory rate for patients who leaked compared to controls.
Time-point analysis showed that heart rate was significantly different between leak and control groups at postoperative day 4.25. This analysis could not identify a specific time point at which mean arterial and diastolic blood pressure, respiratory rate and mean urine output became significantly different between groups.
Discussion
These findings suggest that anastomotic leaks can be detected earlier (within 4.5 days of surgery) by recognizing changes in physiological, blood test and observational parameters, providing an opportunity for early intervention. This is in contrast to the traditionally held view that anastomotic leaks are detected after the fifth postoperative day [8, 15] . Interestingly none of the markers of inflammation that would be expected to rise with sepsis (temperature, white blood cell count, neutrophil count, platelet count, albumin and CRP) were significantly associated with leaks. CRP for example has been shown to have negative predictive value for assessment of anastomotic leakage following colorectal surgery [26] . Our findings may be because the inflammatory response from surgery itself makes interpretation of inflammatory markers difficult in the first 5 days. Mean heart rate was very significantly associated with anastomotic leaks on both multivariate and univariate analyses, suggesting that this physiological parameter is probably one of the most sensitive markers of the complication. Our patient group was relatively homogeneous, with little comorbidity and variation in operative technique. Whilst it would be valid to suggest that the relative lack of adhesions from laparoscopic surgery might predispose to either anastomotic leakage or its earlier detection, we feel it is more likely that the routine use of laparoscopy and ERAS highlights deviations from normal recovery at an earlier stage. The identification differences between groups within 4.5 days of surgery is consistent with the clinical impression that, after laparoscopic surgery within an ERAS programme, if a patient with an anastomosis to the rectum is not ready for discharge by day 4, then anastomotic leakage must be excluded. It is important to note that the four patients who went on to develop anastomotic leaks after discharge from our institution and presented to other hospitals were all sent home within the first four postoperative days.
Early identification of leakage has been the focus of investigation of a number of clinical studies. In one study, reduced pH was associated with anastomotic leaks and identified using an endoluminal tonometry catheter at 24 h [27] , whilst another study detected increased lactate via a micro-dialysis catheter placed at the anastomosis [28] . Drains placed at surgery have yielded increased levels of lysozyme [29] and bacterial cell wall lipopolysaccharide [30] on postoperative day 1 and increased cytokines on day 3 [31] . These findings all suggest that bacterial translocation has occurred within the first 3-5 days of the anastomosis being constructed, even if frank leakage of intraluminal contents has not occurred by that time. Our results suggest that identification of leaks using physiological, blood test and observational parameters lags slightly behind this. Furthermore, the findings that bilirubin, ALP, AST and potassium levels were all associated with anastomotic leaks suggests that some work needs to be done to understand the pathophysiology and consequences of leaks. Whether early identification can result in the process of anastomotic leakage itself being reversed, however, remains unanswered by this study. The opportunity to intervene early in these patients is likely to improve clinical outcomes and experienced laparoscopic colorectal surgeons may be able to form a proximal diverting stoma laparoscopically through which the distal bowel can be washed out. We ensure these patients are marked for an ileostomy and that this is kept throughout their hospital stay in case they require reoperation. Our laparoscopic TC and IRA patients are kept in hospital until postoperative day 5, with a low threshold for contrast radiology and CT should there be any significant deviation from expected recovery or failure to progress with an ileus. As our results show, the morbidity from anastomotic leaks in this TC and IRA population is significant, with patients who leaked spending 25.4 AE 16.7 days in hospital compared to 5.8 AE 1.8 days for those who did not. We do not feel, however, that these patients should routinely have covering ileostomies because in approximately 90% of cases they are unnecessary. Furthermore, the avoidance of a stoma makes surgery more acceptable not only to these patients but to other family members and subsequent generations who also require prophylactic surgery.
It is important to appreciate some of the limitations of this study. First is the small sample size, which may have been responsible for some of the physiological, biochemical and observational parameters mentioned in this study not being significantly correlated with anastomotic leaks. This was also responsible for the inability of time-point analysis to identify a specific time when some parameters became significant. Furthermore, as Fig. 1 suggests, parameters such as heart rate may have been found to be significant within 48 h of surgery had the sample size been bigger. This is a longstanding limitation when studying events such as anastomotic leaks that occur relatively infrequently. Second, the applicability of this study's findings to the general colorectal anastomotic leak population is affected by the choice to restrict analysis to patients undergoing TC and IRA for FAP. One may consider that the pathophysiological process occurring in this selected group might be different to that in older patients undergoing surgery for pathologies such as rectal cancer. Third, parameters such as vomitus volume are not completely accurate, as vomitus is not always captured within a measurable basin but may be on the bed, the patient gown or elsewhere. These inaccuracies were applicable to both our leak and control groups. Finally it is important to appreciate that this study was designed to identify the timing of detection of anastomotic leaks and not [32] . The same authors have also developed a prognostic index of colorectal leakage (PROCOLE) to try and identify the risks of individuals developing leaks [33] .
Further research is required in testing such scoring systems, developing tools such as biomarkers and for the early identification of anastomotic leaks, and improving anastomotic devices and techniques to prevent them.
